S
ocioeconomic inequalities in health are present in all European countries. People in lower socioeconomic groups on average have a lower life expectancy, a worse perceived health status and higher morbidity rates. 1 In several European countries, such as the UK, Sweden and The Netherlands, national committees have developed comprehensive sets of measures to improve the health status of people in lower socioeconomic groups. Examples of possible interventions and policies, proposed as well as in progress, include anti-poverty measures, tax on tobacco and health-care interventions tailored to the needs of lower socioeconomic groups. 2 There is a widespread agreement that a policy aimed at the reduction of inequalities in health should be based on evidence, including evidence on their effectiveness. 3 In reality, very few of the potential measures are assessed as to their effect. Instead, most of the proposed measures seem to be based only upon knowledge of the factors explaining the association between socioeconomic position and health, such as working conditions, income or smoking. Little is known, however, about the extent to which measures addressing these factors contribute to achieving a reduction of these inequalities in health. [3] [4] [5] [6] [7] This applies to 'downstream' interventions, focusing on specific determinants such as smoking, as well as for 'upstream' interventions or broader policies such as income policies.
The lack of studies on the effectiveness of interventions to reduce inequalities in health is without doubt partly because the evaluation of these interventions and policies is difficult for a number of reasons that involve methodological, practical and ethical issues. [8] [9] [10] These include the frequently described problem that more complex policy measures cannot be evaluated within a classic study design such as the randomized controlled trial (RCT) or the community intervention trial (CIT).
In view of the lack of evidence on the effectiveness of interventions to address inequalities in health and the difficulties in generating this evidence, the Dutch Ministry of Health has funded a 6-year national research and development programme. The main aim of this programme was to investigate and evaluate interventions specifically aimed at reducing inequalities in health. In this paper we describe the experiences of the Dutch programme, and draw lessons from the methodology used to evaluate such interventions.
Methods

Possible strategies to reduce inequalities in health
In light of the background to socioeconomic inequalities in health, the Committee steering the programme distinguished four possible strategies to reduce inequalities in health. 11, 12 These include interventions and policies:
(i) targeting socioeconomic disadvantage, such as antipoverty policies and social benefit schemes; (ii) reducing the effect of health on socioeconomic disadvantage, including benefit levels for long-term inability to work and adaptation of working conditions for chronically ill;
(iii) targeting factors mediating the effect of socioeconomic disadvantage on health, including the promotion of healthy behaviour and healthy working conditions; and (iv) improving the accessibility and quality of health care provided to the lower socioeconomic groups, including maintaining good financial accessibility of health care.
Selection of evaluation studies
Two sets of criteria were applied in selecting the evaluation studies to be funded. The first applied to the proposed intervention: the factors targeted by the proposed intervention (e.g. working conditions, income, smoking). These factors should be known to contribute to the explanation of inequalities in health, and the proposed intervention should be likely to diminish the exposure of lower socioeconomic groups to these factors. The second set of criteria concerned the scientific quality of the proposed evaluation study. A scientific subcommittee reviewed the scientific quality of the proposals by applying a set of standards that had to be met. 8 The standard allowed for study designs other than the RCT, requiring less complex measurements, including RCTs that include people in lower socioeconomic groups only. The researchers had to argue that the assumptions to be made in that case were valid. The scientific quality of the proposals was judged prior to deciding whether they were relevant. Therefore, only the proposals that met the methodological requirements, were subsequently judged in relation to their relevance.
Twelve evaluation studies were carried out. Three projects resulted from a top-down approach, whereas nine were selected in two open tender rounds. The open tenders were invited during 1996 and 1997, not only from researchers engaged in health (care) research, but also in areas such as socioeconomic research. The first call for tenders elicited 21 preliminary applications for possible projects, the second tender elicited 20. Those applications that proposed to study an intervention that seemed relevant for the reduction of socioeconomic inequalities in health, and that were likely to develop into a rigorous scientific evaluation, were invited to submit a detailed proposal. We received six in 1996 and nine in 1997. Ultimately, four from the first round and five from the second were accepted.
Relevance of the intervention
At the start of the programme, the Committee steering the programme identified a number of intervention areas that are of crucial importance for the reduction of socioeconomic inequalities in health, according to the four possible strategies specified above. Additionally, the Committee identified some interventions where there was only a small possibility that evaluation studies would spontaneously arise in the open tender rounds. These were therefore selected top-down. The interventions that were selected are described in table 1.
The three projects that were selected top-down include an intervention aimed at addressing poverty among children (#1), an educational campaign aimed at the promotion of the periconceptional use of folic acid (#3) and a community-based intervention (#4).
The other nine projects were selected from the open tender rounds. These included an absentee counselling project (#2) and an anti-smoking intervention in secondary schools (#5), collective teeth brushing at primary schools (#6), a new working method for a team of bricklayers (#7), task rotation among dustmen (#8), self-organizing teams in production organizations (#9), a nurse practitioner in general practice (#10), the introduction of peer education in general practice (#11) and local care networks in deprived areas (#12).
Ultimately, most of the 12 interventions follow the third strategy mentioned before, i.e. reducing the effect of socioeconomic status on health, by addressing specific determinants, in particular behavioural determinants (#3-6) and working conditions (#7-9). Three interventions focused on the fourth strategy of improving the accessibility and effectiveness of health care (#10-12). The remaining two interventions fit into in the first and second strategy respectively (#1 and #2).
Scientific quality of the evaluation study
The scientific criteria were developed by a group of experts. 8 Basically, they started from the model of the RCT, or, as interventions to address inequalities in health often imply the group being unit of allocation, the CIT. They required measurement in one or more control and experimental populations, of changes over time in the size of inequalities in health. In case this design was not feasible, alternative designs were accepted, under the condition that the assumptions upon which these designs were based were clarified, and that arguments were provided to support these assumptions. These included for example the exclusion of the higher socioeconomic groups in case they were not targeted by the intervention (e.g. the intervention was targeted at those living in poverty), or the use of intermediate (instead of health) outcome measures, in case this intermediate factor had been shown to affect health (such as smoking). 8 The design of each study is summarized in table 2. All but one included an effect evaluation, whereas a process evaluation was part of all studies. In this paper we will focus on the effect evaluations in particular. The 11 evaluation studies that included an effect evaluation all proposed to compare the level of health (or its determinants) as assessed in experimental groups, with that in control groups. In two of these (#5 and #6), both targeted at health behaviour, the groups were randomly allocated to the intervention or the control condition (experimental study). In the other nine studies, allocation did not occur randomly (quasi-experimental) (#2-4 and #7-12). Moreover, the original proposals for all effect evaluation studies included pre-and post-measurements. Seven experimental and quasiexperimental studies included people in lower socioeconomic groups only, partly because the intervention was not relevant for higher socioeconomic groups (i.e. the two interventions for specific occupational groups and the local care networks), or because the assumption was that the intervention, if targeted to higher socioeconomic groups, would have a similar effect in higher socioeconomic groups (anti-smoking intervention, community-based intervention, peer education in general practice) (#5, #7, #8 and #10-12).
Results of the evaluation studies
The evaluation studies were set up as experimental or quasiexperimental studies for nine interventions (#3-8 and #10-12). For the remaining three interventions, no experimental or quasiexperimental design could be applied (table 2) (#1, #2 and #9).
Experimental and quasi-experimental studies
Seven studies indicated a positive effect of the interventions. These included two school-based interventions targeted at health-related behaviour, smoking and teeth-brushing respectively (#5 and #6). Both interventions were evaluated in an experimental design. In the first project, including a smokefree class competition, the number of pupils starting smoking was lower in the experimental compared with the control schools. In addition, a significant difference was observed between the intervention and control groups regarding the change in social pressure of class mates. In the longer term, however, the difference between the intervention and control Evaluation of complex public health interventions The intervention involved identifying (5 and 11 year old) children during the preventive health screen whose health could possibly be jeopardized due to the lack of money in the home situation, and providing them with a supplementary grant, to be spent on a specific activity or product. Those children were identified by the Juvenile Health Service, on the basis of a questionnaire that had to be filled out by the parents. That questionnaire contained statements such as 'my child does not drink milk or does not eat vegetables or fruit because of a lack of money' and 'my child cannot get swimming instructions because of a lack of money'.
. 15, 16 This intervention included a national and an additional local educational campaign. Both were directed at intermediaries (such as general practitioners and midwives) as well as women with a pregnancy wish.
In the regions where the local campaigns were carried out, the intermediairies received extra information about the periconceptional use of folic acid (via letters, leaflets, meetings, etc.). In addition, the educational activities for women with a pregnancy wish were intensified, by means of publications in newspapers, interviews at local radio stations, posters in local transport, etc. This community-based intervention was aimed at promoting healthy behaviour. The inhabitants of a deprived neighbourhood were involved in the selection of health determinants to be addressed in the programme and in the choice for specific interventions. They gave priority to three themes: safety, parenting and stress. After 2 years, 50 activities were initiated in respect of each of the themes, including swimming instructions for migrant groups, educational meetings on drug use and the construction of play grounds. 
#5 Anti-smoking intervention 18
The intervention consisted of a collective pact not to smoke during the next 5 months, preceded by three lesson modules aimed at providing information and teaching social skills to resist peer pressure. In addition, any class where 90% of the pupils had not smoked for 5 months could compete for a monetary reward.
. 24, 25 This intervention involved the employment of peer educators, of Turkish origin. They functioned on the one hand as a bridge between the general practitioner and Turkish patient with diabetes mellitus, while providing information on an individual basis about diabetes mellitus on the other. The intervention stretched over a 9-month period track, during which a combination of guidance and education was provided, in the patient's own language, and tailored to his/her cultural background.
. European Journal of Public Health schools was no longer statistically significant. 18 In the second project, on teeth brushing, the interim assessment found that after the intervention, the well-known difference in brushing behaviour was no longer evident between children from higher and lower socioeconomic schools. Despite this, the final assessment showed an increase in the socioeconomic gradient in the prevalence of caries. This was probably due to the fact that the intervention period of 3 years was too short for the intervention to have an effect on caries. 19 Two interventions focused on working conditions, more specifically on the exposure to physically strenuous labour (#7 and #8). Both interventions, among refuse collectors and bricklayers, were evaluated in a quasi-experimental design. In the first study, three companies with three teams of refuse collectors participated. As it was hard to find volunteers for this study, there was a risk of the experimental group being more motivated than the control group. It was therefore decided to apply the principle of job rotation to each of the participating teams, using different working schemes of job rotation (e.g. between days and during a day). 21 In the second study, the experimental group consisted of companies that had decided to switch to the new working method, whereas companies that worked with the traditional methods formed the control group. A random assignment of groups was impossible because of the necessary investment that the companies would have to make. 20 Both studies provided indications for a positive effect of the interventions on physical workload. 20, 21 In the study among bricklayers health problems were also measured, but no reduction in health problems could be observed. This may have been to do with the relatively long latency period of health problems in relation to the relatively short follow-up period of 1 year.
The programme included three interventions related to health care: nurse practitioners and peer educators in general practice, and local care networks (#10-12). All interventions were carried out in deprived neighbourhoods.
To date, the introduction of a nurse practitioner has been evaluated by comparing the compliance with inhalation medication and the number of exacerbations before and after the intervention in the intervention practices. 23 The results showed a positive change in these indicators. Further analyses among the control group should yield more evidence as to whether this change can actually be attributed to the introduction of the nurse. In addition, the evaluation did not give sufficient insight into the element of the intervention that was responsible for the observed change (more extensive feedback?, treatment more frequently delivered in accordance with the guidelines?, etc.).
In the study on peer educators for Turkish diabetes patients, randomization was considered to be impossible for practical reasons, including the fact that the bicultural educators were already working in the intervention practices. Probable differences in routine diabetes care between the intervention and control practices were controlled for on the basis of information from the medical record (e.g. number of diabetes-related referrals). The results of this study elicited weak evidence for a positive effect of intense counselling on health behaviour. 24, 25 An effect on glycaemic control, however, could be demonstrated only among female patients. This raises the question of which conditions these measures must comply in order to be effective: should, for example, the educator also belong to the same sex in order to have an effect on health? The evaluation study did not answer these questions.
Finally, also in the study on local care networks, the selection of intervention neighbourhoods was not within the control of the researcher, therefore making random assignment impossible. The intervention and control neighbourhoods were matched on indicators for level of social deprivation and the organization of health care. 26 The evaluation study showed a decline in escalated problems such as evictions in the experimental as compared with the control neighbourhoods. A detailed process evaluation indicated that important features of this network are the cooperation between different parties from various sectors, as well as the 'outreach function'.
Unlike the interventions described above, two interventions, both evaluated in a quasi-experimental study, appeared not to be successful (#3 and #4). These included an intervention to promote periconceptional use of folic acid. In this study, the effect of a strategy of a local educational campaign, which supplemented a national campaign, was evaluated. The evaluation was performed by comparing the trend in the socioeconomic gradient in the use of folic acid in two regions where the local campaign was in operation with those in two other regions where only the national campaign was in force. The results in these regions were similar, leading to the conclusion that the regional campaign had no additional effect. 15, 16 On the basis of the process evaluation, the authors could not draw a conclusion as to whether this result indicated that the local educational campaign had no extra value at all, or whether the activities of the local campaign were too few to make a difference.
The second study that showed no effect related to a community-based intervention. This intervention was evaluated by comparing the intervention and control neighbourhoods with respect to health indicators as well as to three specific health problems, i.e. safety, parenting and stress. These outcome measures were determined by the intervention team, based on discussions with community members and local workers. The evaluation indicated no systematic effect of the intervention on the three themes nor on perceived health status. 17 One explanation for this might be that the intervention itself was not effective enough.
Observational studies
In three studies, no experimental or quasi-experimental design could be applied (table 2) (#1, #2 and #9). This intervention involved the introduction of local care networks in deprived areas. These are collaborating teams of care practitioners, housing corporation staff and community police officers who have joined forces on behalf of individuals with complex, socio-psychiatric problems in disadvantaged communities. The aim of this network is to prevent people with complex socio-psychiatric problems from adverse social consequences of their illness, such as a forced admission to psychiatric institutions and evictions. The network participants meet periodically to exchange information and to coordinate agreements on the assistance and care provided to their clients. One of the participants, usually a psychiatric nurse practitioner, acts as the pivot of the network and is tasked with its coordination. 
Evaluation of complex public health interventions
#11
Peer education in general practice 24, 25 Quasi-experimental; unit: group (7 experimental and 9 control practices, comprising 100 patients); pre/post-measurements; among Turkish patients in deprived areas only Post-test difference in behaviour, glycaemic control in experimental as compared to control general practices In the case of the anti-poverty intervention, it was clear from the beginning that it was impossible to evaluate its health effect within the time frame of the programme, as this would be visible only after a lengthy time period. Therefore, the study proposal included a process evaluation only. 13 In the case of the absentee counselling project at secondary schools, the proposed quasi-experimental study with pre-and post-measurements could not be carried out for logistical reasons. After the start of the study, it was not possible for the Juvenile Health Service staff member to carry out the planned measurement before the intervention for practical reasons. Therefore, the actual design was changed to a post-test-only design.
14 The study on self-organizing teams was also planned as a quasi-experimental study, but this also failed for practical reasons mainly due to the fact that it was not possible to find a sufficient number of control groups. 22 As a consequence, no conclusions on the effect of these two interventions could be drawn.
Discussion
The aim of this paper was to report on the experience of evaluating the effect of interventions to address socioeconomic inequalities in health within a comprehensive Dutch research programme. In comparison with national research programmes in other European countries, the Dutch programme is unique for its emphasis on the evaluation of possible interventions. 2, 27 For nine (out of a total of 12) interventions that have been evaluated within a experimental or quasi-experimental design, the evaluation studies provided reasonable evidence of their (in)effectiveness. In the remaining three studies no conclusions could be drawn as no experimental or quasi-experimental design could be applied.
What can be learned from the Dutch programme when it comes to generating evidence on the effectiveness of interventions to reduce inequalities in health, as a basis for making policy decisions?
First, RCTs are widely accepted in health care as the gold standard for assessing effectiveness. Doubts have been raised as to whether it is feasible to apply this standard to social interventions such as those included in the Dutch programme, given, for example, their complex character and the complexity of social reality in which they are implemented. 28 The results of the Dutch programme illustrate that it is possible to apply this standard to public health interventions implemented in a non-laboratorium setting, at least as far as relatively limited educational interventions, such as those on teeth brushing and non-smoking, are concerned.
Secondly, although the methodological requirements that were applied to the programme started from the assumption that the experimental design is the most valid design for effect evaluations, it was clear from the beginning that it would not be very fruitful to adhere to this standard, as this implied that most of the interventions could not be evaluated at all. In more than half of the interventions studied, randomization was not possible because the implementation of the intervention was not under the control of the researcher. In some studies, the intervention was already in preparation (bicultural educators, nurse practitioner in general practices), whereas in others the implementation of the intervention required investment by an organization itself (bricklayers).
For the Programme Committee that had developed the recommendations on the basis of the results of the evaluation studies, this implied that they had to weigh the validity of the evidence generated in these studies. The greatest threat to the validity of the results of non-randomized studies arises from the possibility of selection bias, i.e. a biased allocation of patients to a given intervention. 29 In view of this, in some studies intervention and control groups were matched on possible confounders (e.g. care networks in deprived neighbourhoods), whereas in others possible confounders were controlled for in a statistical analysis (e.g. in the study on Turkish peer educators). Even then, however, the results of non-experimental studies are shown to be different from those of experimental studies. 29 The question for the Committee was therefore: how sure does one have to be before recommending implementation? In reaction to this the Committee decided to recommend that further evaluation studies should accompany the implementation of interventions for those studies that indicated positive results. It should be mentioned, however, that the greatest doubts on the effect of these studies were not so much a consequence of the quasi-experimental character of the evaluation studies, but rather that there was too little information on the process of the intervention to identify those elements that were responsible for its effect. This applied for example, to the study on peer education for Turkish patients as well as for the nurse practitioners. Although a process evaluation was part of both studies, the information gathered did not give enough insight to obtain a valid interpretation of the effect. This illustrates that the evidence on the effect of public health interventions as generated by experimental or quasiexperimental studies should be supplemented by extensive evidence on the process as a basis for policy decisions. 10 In addition, further evaluation studies need to test the assumptions that were made in specific interventions, such as the effect of a intervention being equal for people in lower and higher socioeconomic groups.
The third issue that requires attention relates to the absence of evaluation studies in upstream interventions, including income and educational policies. It is generally agreed that when addressing inequalities in health, a broad range of intervention strategies should be considered. As we have previously argued, the randomized experimental study could rightly be considered the gold standard for the evaluation of specific interventions, such as the teeth brushing experiment. Broader policy a: This refers to the actual (and not the proposed) design Classification of designs: observational design: a design that takes advantage of naturally occurring variation in exposure to the determinant (¼ intervention) of interest; quasi-experimental study: a design in which the evaluator does not control the allocation to the experimental condition (¼ intervention), and usually tries to find appropriate comparison groups to match the experimental groups; experimental study: a design in which the evaluator controls the allocation to the experimental and control conditions, for which s/he applies a randomization procedure. Additionally, it is mentioned whether the unit of allocation and analysis is the individual or the group, and whether a study includes pre-and/or post-measurements
Evaluation of complex public health interventions interventions might less easily be evaluated in an experimental design, however. 28, 30 As the selection of interventions within the Dutch programme started from the assumption that the experimental design was the most valid design, and the methodological requirements were a more important selection mechanism than the type of intervention, the selection process automatically elicited rather specific, downstream interventions. In hindsight, we consider the lack of studies on broader policy measures, mainly related to the strict methodological criteria applied when selecting the studies, as the most important limitation of the programme. In order to be able to evaluate broader policy measures, designs other than those used in the Dutch programme should be considered, including international comparisons and time trend studies. [31] [32] [33] Fourthly, the Dutch programme underlines the view that the evaluation design should not only be adapted to the type of the intervention, but also to the phase of development of an intervention. For example, at the start of the programme, the anti-poverty intervention was in an early stage of development. Following the approach of Campbell et al., 34 the evaluation study of this intervention could be classified as a phase I study, which in itself does not test the effect of the intervention, but instead explores the components that are relevant for the intervention, and tries to find potential barriers for the implementation of the intervention. The research questions that are central to this phase do not ask for a randomized controlled trial. Instead a broad range of descriptive techniques might be used, including qualitative research. 34, 35 The final lesson relates to the time frame of the programme. For most interventions, a period of 6 years appeared to be too short to establish valid health effects. This applies for example to the interventions in the workplace, which were able to demonstrate a positive effect on physical workload, but not on health. In addition, for some interventions that appeared to be effective, the follow-up was too short to see whether the effect also lasted in the long run (e.g. anti-smoking intervention). In hindsight, the short time frame should have been taken into consideration more explicitly in the process of the selection of research proposals. More importantly, in future studies it seems wise to have a long follow-up period when evaluating social interventions. In the case of social factors that have very long latency periods, such as an anti-poverty intervention, this might even imply that the health effect cannot be demonstrated in a randomized design. 36 When drawing lessons from the Dutch programme, the 'proof of the pudding' is of course its actual influence on health policy and practice. The answer to this question is mixed. At the one hand, specific interventions that have been proven to be effective have now been implemented on a larger scale. These include the programme to prevent school children starting smoking and the local care networks for chronic psychiatric patients. On the other hand, at the national level, little progress has been made in developing a comprehensive package of policy measures to reduce inequalities. However, the reason for this lack of progress is related to the political constellation after the research programme, rather than to the evidence base of policies and interventions. 37 In this paper we have attempted to draw lessons from our experiences of a research programme on the evaluation of interventions to reduce socioeconomic inequalities in health. Although the studies within the Dutch programme have contributed to the evidence base in this area, they also show that further development of the methodology of evaluation studies of complex interventions is necessary. We hope that our experience might serve as a source of inspiration for this.
